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Acinetobacter sp. strain ADP1 is a nutritionally versatile bacterium that exhibits
extraordinary competence for natural transformation. This genetic trait greatly facilitates genetic
analysis and in the past has been coupled to random PCR-mutagenesis in order to identify how
amino acid residues influence function in enzymes and transcriptional activators associated with
catabolic pathways. We now have extended this capability to genes from other organisms, in
this case Pseudomonas putida, by creating a docking site that allows PCR-amplified P. putida
DNA to be integrated into the Acinetobacter chromosome under control of a promoter causing
constitutive expression of genes contained in the integrated DNA. Phenotypic expression of the
P. putida DNA allows identification of mutants in which the function of the P. putida gene has
been altered. This development opens many opportunities for determination of how structure
influences function in proteins from a full range of organisms.

Our research interest in Acinetobacter has focused upon its ability to metabolize diverse
compounds that serve as nutrients for it in the natural environment. The fundamental
understanding that emerges from this work is important because modification of such metabolic
systems will be important in developing procedures for bioremediation. In addition,
modification of the Acinetobacter pathways affords opportunities for synthesis of important
chemicals by biological means. ’

Central to many catabolic pathways is the reaction catalyzed by protocatechuate 3,4-
dioxygenase, and our past research has centered upon pcaHG, the structural genes for this
enzyme. Many spontaneous mutants lacking pcaHG contain large deletions extending through
flanking regions of DNA, and characterization DNA corresponding to the deletions has revealed
a cluster of about 50 genes associated with dissimilation of compounds produced by plants.
Among these are straight chain dicarboxylic acids and hydroxycinnamic acids which are building
blocks in suberin, a protective polmer produced by plants in response to stress.

~ During the present research period we have focused attention on a portion of the gene
cluster containing hca genes which encode proteins essential for conversion of hydroxycinnamic
acids to protocatechuate. Among the enzymes involved is an unusual hydratase/lyase which is of
particular interest because it converts abundant natural products such as ferulate to value added
products such as the aldehyde vanillin. Among the hca genes is hcaG which encodes an esterase
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that cleaves chlorogenate to quinate and caffeate (caffeate is another hydroxycinnamate). Both
of quinate and chlorogenate are metabolized thggugh protocatechuate. Chlorogenate esterase is
of considerable significance because its substrate presents a major problem in animal feedstocks
because it is not metabolized by animals.

Downstream from the hca structural genes we discovered a gene cluster designated
hcaKR. HcaK is a transporter similar in sequence to four other transporters we have discovered
in our genetic analysis of Acinetobacter. HcaR is a transcriptional regulator which, unlike
previous regulatory genes we have characterized, is a repressor. This is immediately significant
because mutations in HcaR cause constitutive expression of enzymes that provide useful

" products from hydroxycinnamates. Furthermore, HcaR is a member of the MarR family of
transcriptional regulators of drug resistance. We have developed physiological procedures for
selection of MarR mutants, and we anticipate that analysis of such strains will provide general
information about how this family of proteins exerts control over transcription.
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